We studied associations between 2 pediatric primary care interventions promoting parental responsiveness and maternal depressive symptoms among low-income mothers. This randomized controlled trial included 2 interventions (Video Interaction Project [VIP], Building Blocks [BB]) and a control group. VIP is a relationship-based intervention, using video-recordings of mother-child dyads to reinforce interactional strengths. BB communicates with parents via parenting newsletters, learning materials, and questionnaires. At mean (SD) child age 6.9 (1.2) months, depressive symptoms were assessed with the Patient Health Questionnaire-9 (PHQ-9), parental responsiveness was assessed with StimQ-I. A total of 407 dyads were assessed. Rates of mild depressive symptoms were lower for VIP (20.6%) and BB (21.1%) than Controls (32.1%, P = .04). Moderate depressive symptoms were lower for VIP (4.0%) compared to Controls (9.7%, P = .031). Mean PHQ-9 scores differed across 3 groups (F = 3.8, P = .02): VIP mothers scored lower than controls (P = .02 by Tukey HSD). Parent-child interactions partially mediated VIP-associated reductions in depressive symptoms (indirect effect −.17, 95% confidence interval −.36, −.03).
Introduction
Maternal depression places children at risk for a broad range of adverse developmental outcomes manifesting early in infancy, including delays in early communication 1 and insecure attachment. 2 The impact of maternal depression is especially significant for children growing up in poverty for a number of reasons. First, depressive symptoms are found in approximately 25% to 35% of low-income families, compared to approximately 10% to 15% of families with greater resources. 3, 4 Second, poverty is associated with reduced mother-infant interactions 1 and adverse child outcomes 5 in general, and depression additionally magnifies risks to mother-child dyads. 6 Third, low-income mothers with depressive symptoms are less likely to seek help, posing a challenge to delivery of effective treatment. 7 As a result, depression's impacts on child outcomes in the context of poverty represent a highly challenging problem.
Maternal depression in the context of poverty and associated stressors and risks (e.g., limited social support, low education and literacy, and material hardship) poses challenges to meeting the demands of childrearing. 8 Two areas of specific challenge relate to (a) mothers' perceptions of their own parenting skills and (b) mothers' ability to understand and cope with their children's developmental and behavioral issues. Regarding the former, depressed mothers are more likely to have lower self-efficacy and feelings of competence, 9, 10 as well as an external locus of control in which they perceive others to have the greatest impact on their children. 11, 12 Regarding the latter, depressed mothers are more likely to negatively interpret their children's behaviors. 13 For example, depressed mothers have significant difficulty coping with typical behaviors such as crying and are more likely to perceive their infants to have colic or a difficult temperament. [14] [15] [16] Interestingly, relationships between depression and parenting challenges appear to be bidirectional. For example, mothers' perceived feelings of inadequate self-efficacy and perceptions of their infants as presenting difficult temperaments have also been shown to lead to depressive symptoms. 17 Of critical importance is the significant negative impact of maternal depressive symptoms on child developmental outcomes, even in the presence of subthreshold symptoms not meeting DSM criteria. Indeed, a large body of research has been performed with low-income mothers in which impaired parent-child interactions have been shown to be associated with depressive symptoms not necessarily meeting clinical criteria. 18, 19 Furthermore, depressive symptoms even at a low level have been robustly associated in low-income families with adverse child outcomes across domains. 6 Because of the robust relationship between maternal depressive symptoms and child developmental outcomes, a number of public health initiatives have been developed to enhance parenting self-efficacy and mother-infant interactions in the context of these symptoms. Two illustrative examples are Nurse Family Partnership (NFP) 20 and Family Check Up (FCU). 21 Both are delivered as home visitation programs, and both have sought to enhance self-efficacy and interactions in low-income mothers either at risk for depressive symptoms (NFP) or with depressive symptoms already present (FCU). In studies of NFP, the greatest impacts on child developmental outcomes were found for mothers with low psychological resources (including presence of depressive symptoms), suggesting potential for benefits from preventive interventions addressing interactions among depressed mothers. 20 Studies of FCU not only documented similar impacts in depressed mothers but also showed that enhanced interactions were associated with reduced depressive symptoms. 21 This body of work strongly supports the potential for benefit from addressing interactions among low-income mothers at risk for depression.
The documented impacts of programs such as NFP and FCU have led policymakers to consider whether there might be additional public health venues for addressing maternal depression and its comorbidities. The pediatric primary care platform has been of particular interest, given its potential for scalability, populationlevel impact, and low cost. Two areas of focus in the pediatric platform have been early identification of maternal depressive symptoms 22 and prevention of child comorbidities through enhanced parent-child interactions. 23 Regarding the former, the American Academy of Pediatrics (AAP) in collaboration with the US Department of Health and Human Services Health Resources and Services Administration Maternal and Child Health Bureau (Bright Futures) has sought to promote screening, identification, and services for mothers with depressive symptoms. 23, 24 Regarding the latter, clinically oriented programs such as Triple P have been shown to enhance interactions in depressed mothers using the pediatric platform. 25 A number of interventions in the pediatric platform have sought to enhance interactions among low-income dyads universally. While these interventions have not specifically targeted mothers with depressive symptoms, many mothers receiving these interventions had depressive symptoms and all were at risk on the basis of poverty. Reach Out and Read 26 and the Video Interaction Project are prominent examples, in that extensive research has documented beneficial impacts on interactions among at-risk, low-income mothers. [27] [28] [29] [30] [31] [32] Although the well-documented interrelationships between depression and parent-child interactions described above suggest the possibility that such preventive interventions might also prevent maternal depressive symptoms, this has not previously been studied.
We therefore sought to address this gap in knowledge within an ongoing randomized controlled trial (RCT), the Bellevue Project for Early Language, Literacy and Education Success (BELLE), in which 2 interventions provided within the pediatric primary care platform were compared to a control group. The 2 interventions under study were the Video Interaction Project (VIP) and Building Blocks (BB). VIP is an individualized, relationship-based intervention building on Reach Out and Read that takes place at the time of participants' regular pediatric visits. In VIP, mother-child dyads meet with an interventionist who provides developmentally appropriate learning materials, discusses plans for play and shared reading, and then video-records the dyads interacting together. Following creation of the video, the interventionist reviews it with the mother, reinforcing strengths, and discussing additional opportunities for interaction. BB uses mailed parenting newsletters, learning materials, and parent-completed questionnaires to educate and communicate with parents.
Both interventions have been previously shown to improve parental responsiveness, 27, 33 with greater impacts for VIP, consistent with its greater intensity and relationship-based approach. Therefore, as part of the larger BELLE RCT, we sought to test the hypothesis that VIP and BB would result in reduced depressive symptoms through enhanced parental responsiveness. Given VIP's previously determined impacts, we hypothesized that this intervention would also be associated with reduced maternal depressive symptoms, mediated by enhanced parental responsiveness. Given BB's very low intensity and smaller impacts on responsiveness, we did not have strong hypotheses regarding its impacts on depressive symptoms but performed exploratory analyses within the context of the clinical trial.
Materials and Methods

Study Design
This was a single-blind, 3-way RCT with 2 preventive interventions (VIP and BB) compared to a control group. Institutional review board approval was obtained from New York University School of Medicine Institutional Review Board and the Bellevue Hospital Center Research Review Committee. Parents provided informed consent prior to participate. The trial was registered at clinicaltrials.gov (NCT00212576).
Sample
Enrollment of all families in the larger, ongoing study was performed in the postpartum unit of an urban public hospital (BHC) serving low-income, primarily immigrant, families, between November 2005 and October 2008. Consecutive mother-newborn dyads planning to receive pediatric primary care at Bellevue Hospital Center and who met eligibility criteria were enrolled in the current study. These criteria, which have been described previously, 27, 33 were child full-term newborn with no significant medical/perinatal complications, mother primary caregiver with primary language English or Spanish, ability to maintain contact with the program, and no prior participation in VIP or BB.
Randomization Groups
Following enrollment, mother-child dyads were randomized to VIP, BB, or control using a random number generator. Randomization group assignments were concealed from research assistants performing enrollment. Following enrollment, randomization group assignments were provided to study participants.
The Video Interaction Project. VIP, which has been previously described, [27] [28] [29] [30] [31] 33, 34 takes place from birth to 3 years, with sessions taking place primarily on the same day as regularly scheduled well-child primary care visits. Families in the current study received up to 4 possible visits by infant age 6 months. Sessions are facilitated by an interventionist, who meets one-on-one with families for approximately 30 minutes, providing an individualized, relationship-based intervention. The interventionist delivers a curriculum focused on supporting parent-child interactions in the context of pretend play, shared reading, and daily routines, to enhance child development and school readiness. The estimated cost of VIP is less than $150 per child, including learning materials, hospital space, and interventionist salary. VIP uses the following strategies:
1. Video-recording of mother-child interaction: A 5-to 7-minute video of each mother-child dyad engaging in activities suggested and modeled by the interventionist using a provided developmentally appropriate learning material is created and reviewed. The mother and interventionist then watch the video together, with the interventionist making observations about the mother's interactions with her child. The interventionist reinforces positive interactions (e.g., mother responding to the child's vocalizations, engaging the child in back and forth conversation as the child develops language) and provides suggestions regarding missed opportunities for interaction. A copy of the video is given to the parent to take home to support the implementation of activities in the home and shared with other family members.
Provision of learning materials:
Developmentally appropriate learning materials, including a toy and/or book, are given to families at each visit to take home. Learning materials were selected to promote parent-child engagement in activities likely to support child development. 3. Pamphlets: Messages are reinforced using written, visit-specific pamphlets which the interventionist reviews with each mother. Each pamphlet includes suggestions for interacting with the child through play, shared reading, and daily routines. Pamphlets were developed in English and Spanish, and written at a 4th to 5th grade reading level using "plain language" principles. 35 The interventionist encourages the parent to show the pamphlet to the pediatric provider who further reinforces messages.
Building Blocks. BB takes place from birth to 3 years. Similar to VIP, BB delivers a curriculum that is focused on boosting parental self-efficacy and supporting interactions in the context of pretend play, shared reading, and daily routines, in order to enhance child development and school readiness. In contrast to VIP, this curriculum is delivered through written pamphlets and learning materials that are mailed monthly to the family rather than by an interventionist. Families in the current study who were randomized to BB received 5 mailings prior to child age 6 months. The estimated BB cost is less than $75 per child per year, including learning materials, staff member salary, and hospital space. BB uses the following strategies: 37 for parents to complete and return to the program, with a goal of encouraging parents to observe their child's development and accomplish ongoing developmental screening. The first questionnaire in the Ages and Stages sequence is administered at infant age 4 months.
Control. As described above, control families received all standard pediatric care, including all routine anticipatory guidance and developmental surveillance.
Measures. Assessments were performed through interviews with mothers by bilingual research assistants who were masked to group assignment.
Dependent Variable
The dependent variable for this study was the presence of symptoms of maternal depression, assessed using the Patient Health Questionnaire-9 (PHQ-9) at child age 6 months. The PHQ-9 is a screening instrument based on 9 questions that assess depressed mood ("feeling down, depressed, or hopeless") during the prior 2 weeks. 38 Examples include "little interest or pleasure in doing things" and "feeling tired or having little energy." Each question is scored from 0 to 3, with total scores ranging from 0 to 27 and higher scores representing greater frequency of symptoms. It is available and has been validated in Spanish, 39, 40 which was the primary language of administration in the current study. Standard cut points were used, with 5 representing mild depressive symptoms and 10 representing moderate depressive symptoms. 38 In studies conducted in adult primary care and obstetric and gynecological settings, the PHQ-9 using a cutoff of 10 has been shown to have a sensitivity of >88% and a specificity of >88% for major depression as diagnosed through a mental health interview and by using the Structured Clinical Interview for DSM-IV, while the cutoff of 5 signifies subclinical symptoms important both because of increased risk of later major depression 41 as well as adverse impacts on parent-child interactions. 18, 19 Additional Variables Sociodemographic characteristics were assessed by parental interview at enrollment. Parent characteristics included mother's age, country of origin, education level, primary language spoken, and marital status, and family Hollingshead Four Factor Socioeconomic Status (SES) 42 based on parental education and occupation.
Mothers were considered to be at increased social risk if they had one or more of the following: being a victim of violence, homelessness, involvement with child protective services, significant financial hardship (eg, difficulty paying bills), food insecurity, or reported cigarette smoking or alcohol use during pregnancy. In addition, to determine if depression had been similar across groups at baseline, mothers were asked if they had been diagnosed with a mental illness in the 2 years prior to delivery, and then asked to specify the diagnosis. Infant information about gender and birth order was also obtained.
Responsive parenting, conceptualized as play with toys, reading and verbal responsiveness was assessed using StimQ-Infant (StimQ-I), 43 an office-based structured interview at infant age 6 months. Examples of questions include "While you read to your child, do you point to pictures and name them or describe them, or is your child too young or distractable for that?" and "Do you have the opportunity to point things out around the house for your child?" StimQ was designed for use in low-SES populations in English and Spanish. It has good validity with measures of cognitive, language, and social development. StimQ has been used in a number of recent studies of early child development 44, 45 and has been used in previous studies of VIP 28, 29 as well as the present study of VIP and BB to demonstrate impacts on parent-child interaction. 27, 33 
Statistical Analysis
Sample size for the study was estimated based on 80% power to find clinically relevant impacts of interventions on primary outcomes (ie, parent-child interaction, child development), assuming 33.3% attrition by the age of 2 years. This resulted in enrollment of 225 families per group, for a total of 675. Statistical analyses were performed using SPSS 19.0 based on intent to treat. First, we compared assessed and nonassessed families for sociodemographic characteristics and prior history of depression using t ests for continuous variables and χ 2 with continuity correction for categorical variables. Next, we compared baseline characteristics for families completing the 6-month assessment using ANOVA for continuous variables and χ 2 for categorical variables. To compare mean depression score across groups, we performed unadjusted and adjusted (linear regression) analyses; effect sizes were calculated using Cohen's d. To compare proportions of mothers reaching thresholds for mild and moderate depressive symptoms, we performed additional unadjusted and adjusted logistic regression analyses. Adjusted linear and logistic regression analyses included all variables significantly associated with whether families completed the assessment (language, immigration, education) or with maternal depressive symptoms (language, social risk). We also calculated absolute risk reduction (ARR), relative risk reduction (RRR), and number needed to treat with corresponding 95% confidence estimates. Finally, path analysis was used to determine whether enhanced parental responsiveness, measured by StimQ, mediated VIP-and BB-associated reductions in maternal depressive symptoms. The presence of mediation was assessed using Baron and Kenny criteria. 46 Indirect effects were calculated and statistically tested using the Sobel test. 47
Results
Study Sample
Participant enrollment and flow is shown in Figure 1 . A total of 407 of 675 families (60.2%) were assessed for maternal depressive symptoms at mean (SD) child age 6.9 (1.2) months, including 126 VIP, 147 BB, and 134 Controls. Assessed and nonassessed families did not demonstrate significant differences on most variables, including maternal age, ethnicity, marital status, SES, and social risks. However, compared to mothers who were not assessed, mothers who were assessed were more likely to be immigrants to the United States and speak Spanish as primary language (both P < .001) and have lower education (P = .01). Of particular relevance to this analysis, there were no differences in baseline depressive symptoms between assessed and nonassessed mothers. As previously reported, both VIP and BB families had good adherence. 27, 33 Baseline family sociodemographic characteristics and information on prior maternal depressive symptoms (assessed at enrollment) are shown in Tables 1 and 2 for the 407 families completing the 6-month assessment. No differences were found between groups for any of these characteristics, including depressive symptoms at baseline, with 6.3% of VIP mothers reporting depressive symptoms in the prior 2 years, compared with 5.4% of BB mothers and 4.5% of control mothers (.80).
Depressive Symptoms: Descriptive Information
Mean PHQ-9 score for the sample was 3.11 (SD = 3.91). A total of 24.6% of mothers exhibited symptoms of mild depression, and 7.1% of mother exhibited symptoms of moderate depression. Table 3 shows the association between group status and mean PHQ-9 score. In both unadjusted and adjusted analyses, mean PHQ-9 score was significantly lower for VIP families compared to controls; effect size based on Cohen's d for the unadjusted difference was 0.34. BB families were not statistically significant for mean PHQ-9 score (P = .11). Table 4 shows the association between group status and PHQ-9 based on the mild and moderate thresholds. In unadjusted and adjusted analyses, both VIP and BB assignment were significantly associated with reduced mild depressive symptoms. These differences corresponded to an absolute risk reduction for VIP of 11.5% (95% confidence interval [CI] = .7%, 21.8%) and for BB of 11.0% (95% CI = .7%, 21.1%), and a relative risk reduction (RRR) for VIP of 35.7% (95% CI = 2.0%, 57.8%) and for BB of 34.3% (95% CI = 2.2%, 55.9%). Eight VIP families (95% CI = 5, 142) and 9 BB families (95% CI = 5, 147) would need to receive the respective intervention to prevent one mother from having mild maternal depressive symptoms. For moderate depressive symptoms, associations were found for VIP only. In unadjusted analyses, VIP was associated with a trend for reduced moderate symptoms (P = .08); this difference became statistically significant following adjustment. This association corresponded to an absolute risk reduction for VIP of 5.7% (95% CI = 0.6%, 12.3%), a RRR for VIP of 59.1% (95% CI = 11.4%, 85%) and a number needed to treat of 17 (95% CI = −160, 8).
Depressive Symptoms: Group Status
Parental Responsiveness as Mediator for Intervention Impacts
Path analysis was used to determine whether enhanced parental responsiveness, previously reported to differ across groups and measured by StimQ, 27 mediated intervention-associated reductions in maternal depressive symptoms. As shown in Figure 2 , criteria for partial mediation were met for VIP, with VIP associated with enhanced parental responsiveness in unadjusted analysis, increased parental responsiveness associated with reduced maternal depressive symptoms, and reduced association between VIP and depressive symptoms after adjustment for parental responsiveness(indirect effect −.17, 95% CI = −.36, −.03). Evidence of mediation by parental responsiveness was not found for BB.
Conclusion
Maternal depression and poverty status together adversely affect mother-infant interactions and have detrimental effects on child developmental outcomes. 5 Interventions to reduce these disparities require effective strategies to prevent depressive symptoms among low-income mothers that can be implemented at the population level. The current study has established that low-cost, low-intensity strategies targeting parental responsiveness and located within pediatric primary care settings may be effective in preventing emergence of maternal depressive symptoms. Abbreviations: VIP, Video Interaction Project; BB, Building Blocks; PHQ-9, Patient Health Questionnaire-9; CI, confidence interval; AOR, adjusted odds ratio. a AOP based on linear regression with VIP and BB as the independent variables and depression symptoms based on the above indicated threshold as the dependent variable. Adjusted linear regression analyses included all variables significantly associated with whether families completed the assessment (language, immigration, education) or with maternal depressive symptoms (language, social risk). b Reference group.
is consistent with studies of the FCU, 21 which employed individual parenting consultants who worked with families to enhance their self-efficacy and parenting skills, work that in turn resulted in reduced parental depression. Similar to the FCU's results, it is possible that in the current study, mothers' relationships with their interventionists may have had some impacts on depressive symptoms, especially in the case of VIP. Second, both VIP and BB had impacts on depressive symptoms despite being low-intensity, low-cost programs. This
We studied 2 pediatric primary care preventive interventions, VIP and BB, and found that each resulted in reduced maternal depressive symptoms. Overall effect sizes were of sufficient magnitude to be clinically meaningful, with a relative risk reduction of approximately one third for each of these programs. Two aspects of our results are of particular note: First, both VIP and BB targeted parental responsiveness rather than depressive symptoms per se; for VIP, impacts were partially mediated by enhancements in these interactions. This finding finding adds to a growing body of evidence suggesting a role for low-intensity interventions addressing maternal depressive symptoms in at-risk populations in pediatric primary care. 20, 21, 25, [27] [28] [29] [30] [31] [32] [33] [34] Consistent with our hypotheses, findings were more robust for VIP than for BB. While both programs were associated with significant reductions in the rate of mild symptoms, VIP was also significantly associated with reduced moderate symptoms, 41 which previous research has shown may still significantly negatively impact parent-child interactions and in turn lead to adverse child outcomes. 18, 19 These findings were not predicted in the context of the larger project, but were encouraging given VIP's use of an individualized, relationship-based approach, a strategy found to be effective in enhancing parental responsiveness and mitigating symptoms of maternal depression. 48 This study positions pediatric primary care as a promising venue to reduce and possibly prevent maternal depressive symptoms among at-risk, low-income families at a population level. Identification and engagement of low-income families represent a challenge for public health programs. 49 Pediatric primary care has the potential to facilitate identification and engagement of lowincome mothers at risk for depression, 50 by taking advantage of visits required for screening and immunizations 51 in the context of initiatives to increase access to care such as S-CHIP. 52 Furthermore, utilization of existing infrastructure and travel allows delivery of preventive interventions at low cost. Our findings add to reports of recent efforts to use pediatric primary care to enhance identification of mothers with depressive symptoms and contribute to a growing body of work supporting developmental intervention in pediatric primary care.
This study has some important limitations. First, there was larger-than-expected loss to follow-up at 6 months because of limitations in resources, which led us to prioritize later assessments. The threat to validity resulting from loss to follow-up was likely to have been limited as assessed participants were equivalent across groups for all measures. Second, depressive symptoms and parental responsiveness were assessed concurrently; as a result we cannot determine whether improved interactions resulted in reduced depressive symptoms or vice versa, or whether impacts were bidirectional. Ongoing longitudinal study of the cohort will allow for subsequent analyses that will help us better understand directionality of impact as well as long-term impacts. Third, our results apply to primarily low-income, Latino, immigrant families and may not be generalizable to families with more resources. Fourth, differences between assessed and nonassessed participants related to US immigration and Spanish language may limit generalizability. In conclusion, this study has established a promising role for low-intensity interventions to promote parentchild interactions in the prevention of maternal depression as part of a broad public health strategy using pediatric primary care as a potentially universal, lowcost platform.
